Introduction {#s0001}
============

Brain damage in acute phase of ischemic stroke (AIS) is a dynamic process inducing cellular--molecular immune response in the central nervous system (CNS) directed at the development of an inflammatory reaction. Ischemic stroke is the most common cause of disability in elderly people (over 65 years of age) and the third most common cause of death in the world. In the course of the brain damage, a number of biochemical mediators and inflammatory markers are released, ie cytokines, chemokines, pro-inflammatory enzymes and growth factors. A particularly rapid change in expression concerns pro-inflammatory cytokines.[@cit0001],[@cit0002] IL-6 is believed to be a cytokine of particular importance in the acute stroke phase. It is responsible for inducement of synthesis, mainly in the liver, of acute-phase proteins (APPs): C-reactive proteins (CRP) and fibrinogen.[@cit0003],[@cit0004] Many authors point out that the increase in the concentration of IL-6 in serum in the first day of stroke is associated with a deterioration in the functional status of patients[@cit0005]--[@cit0007] and with a higher volume of ischemic lesions.[@cit0008],[@cit0009] It is also considered that IL-6 levels are a reliable prognostic factor in the acute phase of ischemic stroke.[@cit0006],[@cit0010],[@cit0011] CRP levels, as a reagent of an acute immune response stimulated by IL-6, may also increase in acute stroke phase, although they may also occur in response to a wide spectrum of systemic inflammatory conditions. According to many authors, the increase in hsCRP levels is associated with poor prognosis,[@cit0012]--[@cit0014] whereas other researchers suggest that CRP is not a prognostic factor in ischemic stroke.[@cit0015],[@cit0016]

Intravenous (IV) thrombolytic therapy is now the most widely used form of effective AIS therapy. Among numerous prognostic factors of IV-thrombolysis, the most important are: the age of the patient, the severity of the neurological deficit, the onset-to-needle time and the presence of a large vessel occlusion. A number of publications also raise the issue of potential impact of CRP on the effectiveness of thrombolytic therapy, but there are no clear reports on IL-6 prognostic role in IV-thrombolysis. Moreover, the assessments of markers of inflammatory state presented in available reports were made in a wide time window or from the serum of blood taken only after thrombolytic therapy. Hence, the impact of inflammatory state on the prognosis of intravenous thrombolytic therapy still remains the object of controversy.[@cit0017],[@cit0018]

Therefore, the purpose of our research was to assess serum IL-6 and hsCRP levels in the acute phase of ischemic stroke and to explore their role as an emerging marker in prediction of functional prognosis after thrombolytic therapy.

Patients and Methods {#s0002}
====================

Study Group {#s0002-s2001}
-----------

We retrospectively evaluated the demographic and clinical data of 83 Caucasian patients with AIS treated with IV-thrombolysis (the median of patient age was 66, ranging from 35 to 92 years; 61.5% males) who were consecutively admitted to The Stroke Center of Department of Neurology of the University Hospital No. 1 in Bydgoszcz, Poland from January to December 2018. The data was gathered only from patients treated \<4.5 h from stroke onset who gave a written informed consent. The IL-6 level determination was not routinely performed. Patients were subject to prolongation of the follow-up beyond the hospitalization period (up to three months). Those with combination therapy (intravenous plus endovascular therapy), concomitant myocardial infarction on the stroke onset and those who died within 24 hof stroke onset were excluded from the analysis. We have also excluded patients with prior history of stroke, chronic inflammatory and autoimmune diseases, neoplasms, steroid use and severe trauma or acute infections confirmed within ±3 days from hospital admission. The local ethics committee Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Toruń approved the protocol of the study (No KB 637/2016), in accordance with the Declaration of Helsinki.

The Stroke Center of the Department of Neurology of the University Hospital No. 1 in Bydgoszcz, Poland is recognized as a stroke unit according to the Polish national criteria and is equipped with appropriate monitoring and diagnostic facilities.[@cit0019] The stroke unit provides a 24-h stroke service seven days a week. All patients were examined at the time of admission by a stroke physician. The stroke was diagnosed on the basis of the ICD 10 criteria and it was confirmed on discharge by clinical evaluation and neuroimaging. Cerebral thrombolysis with the intravenous infusion of recombinant tissue plasminogen activator (rt-PA) was administered according to current guidelines.[@cit0018],[@cit0020] Computed tomography (CT) scans were performed in all patients upon admission to hospital and between 22 and 36 h after IV-thrombolysis. In selected cases, additional CT scans or magnetic resonance imaging (MRI) were performed in order to confirm the diagnosis. Stroke classification was made with the TOAST criteria, confirmed with information on vascular territory of a stroke. The severity of stroke symptoms was assessed using the National Institutes of Health Stroke Scale (NIHSS). Functional stroke outcomes were measured using the modified Rankin scale (mRS) on dismission and on the ninetieth day from the stroke onset. A favorable outcome was defined as mRS score ≤2 points, while an unfavorable outcome was defined as an mRS of 3--6 points.

Comorbidities were diagnosed according to current guidelines: arterial hypertension with recommendations of the European Society of Cardiology (ESC); diabetes mellitus according to the criteria of the American Diabetes Association; dyslipidemia according to the ESC recommendations (Guidelines for the Management of Dyslipidemias), impaired renal function with eGFR \<60 mL/min/1.73 m^2^ and hyperuricemia with uremic acid serum concentration \>6.0 mg/dL or prior use of uremic acid lowering medication. The degrees of stenosis of the common carotid artery and/or internal carotid artery were assessed according to the criteria of Polish Section of Neurosonology.[@cit0021]

Biochemical Testing {#s0002-s2002}
-------------------

All biochemical samples were routinely taken at the time of admission and the samples for biochemical analyses were obtained before starting IV-thrombolysis, within 4.5 h from the symptom onset. Samples of venous blood were taken from the cubital vein to 5 mL tubes with a coagulation activator and a gel separator. Blood for serum was left to clot and then centrifuged (3000 g for 15 min) and separated into portions for Eppendorf tubes, where they were stored at −80°C until designation of hsCRP and IL-6 was performed.

ELISA enzyme immunoassays from BioVender, Brno, the Czech Republic and Diaclone, Besancon cedex, France were used to determine the concentration respectively of hsCRP and IL-6. All analyses were performed in accordance with the manufacturer's instructions and guidelines with a normal value for hsCRP below 3 μg/mL.

Statistical Methods {#s0002-s2003}
-------------------

This study was based on a retrospective data analysis. Univariate analysis and logistic regression were performed with STATISTICA v. 9.1 (Dell Inc., Round Rock, TX, USA). All continuous variables were tested for a normal distribution and equality of variance. Because of the non-normality of the variables, nonparametric Mann--Whitney *U*-tests were used to perform the univariate analysis of the continuous variables and Spearman\'s rank test was used to evaluate correlations. Categorical data was compared using chi-squared tests. *P* values \<0.05 were considered statistically significant. The multivariate analysis was performed using generalized linear regression models. Factors identified in univariate analysis with a *p* value \<0.05 were included in the multivariate model. The results of the logistic regression models were presented as *p* and OR with CI.

Results {#s0003}
=======

Favorable outcome after IV-thrombolysis, defined as mRS 0--2 points, was diagnosed on hospital dismission in 60 (72%) patients and in 62 (75%) after 90 days from the stroke onset; 8 (9.5%) patients died within 90 days of stroke onset. A previous history of hypertension was detected in 69 (82.1%) patients, diabetes mellitus in 35 (41.7%); coronary heart disease in 16 (19%), carotid stenosis \>50% in 10 (11.9%), atrial fibrillation (chronic or paroxysmal) in 11 (13.1%), hyperlipidemia in 34 (40.5%), chronic renal disease in 3 (3.6%), hyperuricemia in 5 (5.9%). Prior to stroke onset 28 (33.3%) patients were on statins, 30 (35.7%) on antiplatelet and one (1.2%) was on anticoagulant therapy.

Medians of IL-6 serum concentration prior to initiation of IV-thrombolysis were lower in subgroup of patients with favorable than in those with unfavorable functional outcome gained, both at hospital dismission (5.92: 2.30--7.71 vs 9.46 3.79--17.29 pg/mL; *p*\<0.01) and after 90 days from stroke onset (5.87: 2.30--10.58 vs 10.9: 5.94--17.28 pg/mL; *p*\<0.01) ([Figure 1](#f0001){ref-type="fig"}).Figure 1Pretreatment IL-6 serum concentrations in patients with and without favorable functional outcome on dismission (**A**) and on the ninetieth day (**B**) from the stroke onset.

There were no differences regarding hsCRP levels between groups of patients with favorable and unfavorable functional outcome assessed both on dismission (2.49: 0.11--9.82 vs 4.44: 0.32--9.87 mg/dL; *p*=0.30) and after the ninetieth day from stroke onset (2.57: 0.11--2.57 vs 2.83: 0.32--9.32 mg/dL; *p*=0.75; respectively). Patients with a favorable outcome were also younger, had lower NIHSS score on admission, lower incidence of diabetes mellitus, post-stroke infections and hemorrhagic transformations and higher presence of lacunar etiology of stroke than those with an unfavorable outcome ([Table 1](#t0001){ref-type="table"}).Table 1The Clinical Characteristics of the Subgroups of Stroke Patients with a Favorable and an Unfavorable Outcome After IV-ThrombolysisClinical ParametersOutcome at 90 DaysFavorableUnfavorable*p*(mRS 0--2 pts)(mRS 3--6 pts)n (%)62 (75)21 (25)--Age (mean; min--max) years65 (25--88)70 (46--92)0.02Gender (male) n (%)38 (61.3)13 (61.9)0.96Baseline NIHSS median (range) points4.0 (1--10)12.5 (5--21)\<0.01BMI median (IQR) kg/m[@cit0002]26.3 (17.9--42.5)26.6 (20.0--34.6)0.47Onset-to-needletime median;(range) min207 (55--270)195 (75--270)0.38SBP on admission median (range) mmHg151 (109--204)160 (120--220)0.32DBP on admission median (range) mmHg83 (60--112)84 (62--130)0.72Heart rate on admission median (range) beats/min75 (58--105)74 (60--120)0.65Hyperlipidemia n (%)24 (38.7)10 (47.6)0.47Hyperuricemia n (%)5 (8.6)00.18Impaired renal function n (%)2 (3.2)1 (4.7)0.74Diabetes mellitus n (%)22 (25.5)13 (61.9)0.03Current smoking n (%)22 (35.5)5 (23.8)0.32Arterial hypertension n (%)50 (80.6)18 (85.7)0.60Coronary heart disease n (%)11 (17.7)5 (23.8)0.54Carotid stenosis \>50% n (%)6 (9.7)4 (21.0)0.19Atrial fibrillation n (%)6 (9.7)5 (23.8)0.10Statin therapy before stroke n (%)20 (32.3)8 (38.1)0.66Antiplatelet therapy before stroke n (%)20 (32.8)10 (47.6)0.70Anticoagulant therapy before stroke n (%)1 (1.6)00.23Lacunar etiology of stroke n (%)43 (69.3)8 (38.1)0.01Hemorrhagic transformation n (%)1 (1.6)6 (28.6)\<0.01Post-stroke infection (\>3 day from stroke onset) n (%)3 (4.8)9 (42.8)\<0.01mRS at the eventh day median (range) pts0 (0--4)4 (0--6)\<0.01mRS at the ninetieth day median;(range) pts0 (0--2)5 (3--6)\<0.01hsCRP median (range) µg/mL2.57 (0.11--2.57)2.83 (0.32--9.32)0.75IL-6 median (range) pg/mL5.87 (2.30--10.58)10.09 (5.94--17.28)\<0.01[^1]

There were significant correlations between serum IL-6 concentrations and NIHSS scores both, on hospital admission, and dismission from the hospital and mRS scores assessed on dismission and on the ninetieth day from the stroke onset. No correlations between hsCRP and NIHSS or mRS scores existed ([Table 2](#t0002){ref-type="table"}). There was a correlation between NIHSS scores gained on hospital admission and dismission from the hospital (R=0.80; *p*\<0.01). Serum IL-6 concentration was correlated with serum hsCRP concentrations (R=0.34; *p*\<0.01). Subgroup of 52 (61.9%) patients with lacunar strokes were characterized by lower median of IL-6 (5.96: 2.87--13.0% vs 7.29: 2.30--17.28; *p*=\<0.02) and hsCRP (2.25: 0.11--9.82 vs 4.84: 0.35--9.87; *p*=0.01) than those with nonlacunar infarctions. There were no differences regarding both, IL-6 and hsCRP levels between subgroups of patients distinguished on the basis of significant artery stenosis (6.29: 2.30--13.97 vs 7.89: 3.71--17.28; *p*=0.10 and 2.49: 0.11--9.87 vs 3.02: 0.35--8.67; *p*=0.74; respectively) or presence of hemorrhagic transformation (7.29: 5.94--10.87 vs 6.30: 2.30--17.28; *p*=0.16 and 4.8: 0.44--6.67 vs 2.65: 0.11--9.87; *p*=0.68; respectively). Patients with statins therapy prior to stroke were characterized by lower hsCRP levels, (1.98: 0.35--8.88 vs 3.47: 0.11--9.87; *p*=0.03), but there was no difference regarding IL-6 between subgroups of patients with and without statins therapy prior to stroke onset (6.38: 2.87--17.28 vs 6.35: 2.30--16.89; *p*=0.98). There were no correlations between age and IL-6 and hsCRP, both in patients with favorable (R=0.15, *p*=0.32 and R=0.09, *p*=0.48; respectively) and unfavorable outcome (R=0.14, *p*=0.58 and R=−0.33, *p*=0.13; respectively).Table 2Correlations Between Biochemical Markers and Onset-to-Needle Time and the Severity of Neurological on Admission and Functional Outcome on the seventh and the ninetieth Day from Stroke OnsetFactorsIL-6 pg/mLhsCRP µg/mLOnset-to-needle time, minR=−0.09; *p*=0.47R=−0.01; *p*=0.86NIHSS score on admission, ptsR=0.42; *p*\<0.01R=0.11; *p*=0.32NIHSS score on discharge, ptsR=0.58; *p*\<0.01R=0.22; *p*=0.05mRS on dismission, ptsR=0.59; *p*\<0.01R=0.22; *p*=0.04mRS at the ninetieth day from stroke onset, ptsR=0.66; *p*\<0.01R=0.91; *p*=0.09[^2]

Multivariate analysis showed independent impact of IL-6, NIHSS score on admission on patients' functional outcome, assessed both on dismission from the hospital and on the ninetieth day from the stroke onset and additional impact of hemorrhagic transformation and type 2 diabetes on three-month outcome. No impacts of hsCRP, lacunar etiology and patients' age on long-term outcome were found. Presence of post-stroke infection showed an impact on short and long-term outcome in multivariate models with hsCRP, but no IL-6 as confounder ([Table 3](#t0003){ref-type="table"}).Table 3Multivariate Logistic Regression Models Showing Factors Associated with Functional Outcome on Dismission and on the 90th Day from Stroke Onset (Model 1: IL-6 as Confounder, Model 2: hsCRP as a Confounder)FactorsFavorable Outcome on DismissionFavorable Outcome on ninetieth DayModel 1Model 2Model 1Model 2OR (95%CI)*p*OR (95%CI)*p*OR (95%CI)*p*OR (95%CI)*p*LACI3.04 (0.47--19.54)0.233.39 (0.28--39.70)0.330.01 (\<0.01--2.63)0.110.03 (0.01--2.18)0.11Type 2 diabetes0.39 (0.06--2.55)0.320.61 (0.05--6.73)0.690.02 (\<0.01--0.72)0.030.04 (0.01--1.02)0.04Age, years1.04 (0.96--1.12)0.341.01 (0.91--1.13)0.751.07 (0.96--1.19)0.191.06 (0.91--1.25)0.41Hemorrhagic transformation0.15 (0.01--2.53)0.190.03 (0.01--1.70)0.090.01 (\<0.01--0.31)0.010.01 (\<0.01--0.21)0.02Post-stroke infection0.58 (0.01--22.50)0.770.03 (0.01--0.89)0.040.67 (0.02--24.10)0.820.01 (\<0.01--0.57)0.03NIHSS on admission, pts----2.55 (1.43--4.54)\<0.01----4.76 (1.46--15.50)\<0.01hsCRP, µg/mL----1.13 (0.71--1.80)0.59----0.66 (0.30--1.43)0.29IL-6, pg/mL2.14 (1.19--3.84)0.01----5.85 (1.46--23.48)0.01-----[^3]

Pretreatment of IL-6 serum concentration showed good sensitivity and specificity for prediction of patients' outcome, both on dismission from the hospital (AUC=0.87) and within 90 days from the stroke onset (AUC=0.88) ([Figure 2](#f0002){ref-type="fig"}).Figure 2ROC curves showing sensitivity and specificity of IL-6 measurements for good functional outcome: (**A**) on dismission (cut-off point ≤7.06 pg/mL, sensitivity 90%, specificity 78.9%), (**B**) on the ninetieth day from the stroke onset (cut-off point ≤6.51 pg/mL, sensitivity 74.4%, specificity 87.5%).

Discussion {#s0004}
==========

Numerous evidence suggests that inflammatory reaction is one of the main factors in the course of pathophysiological processes occurring during the acute phase of ischemic stroke.[@cit0002],[@cit0016] Therefore, pro-inflammatory cytokine activity can be important for the effectiveness of AIS patients' therapy.

Our study showed that higher IL-6 levels in the acute stroke phase were associated with worse early and long-term prognosis of patients treated with IV-thrombolysis. We found a relationship between IL-6 levels in the subacute AIS and the severity of the neurological deficit. Hence, we have proved that IL-6 is a prognostic factor in thrombolytic therapy of AIS. Similarly, other researchers showed that high levels of IL-6 in plasma in stroke patients were correlated with poor prognosis,[@cit0006],[@cit0022],[@cit0023] expansive ischemic lesions.[@cit0009],[@cit0023]--[@cit0025] However, it should be emphasized that in most of those reports the IL-6 levels were marked within 12--72 h of the acute stroke onset, while we have shown that the increase in IL-6 levels already in the first 4.5 h from onset of symptoms have a significant impact on short-term and distant prognosis of cerebral thrombolysis. Pusch et al found a similar relationship between early increase of IL-6 and outcome in AIS.[@cit0026]

According to our best knowledge, our study is one of the first to determine the effect of IL-6 serum levels marked before starting treatment on functional outcome after cerebral IV-thrombolysis. Because we have also shown a significant relationship between IL-6 and a functional outcome in a group of patients without prior infection and chronic inflammatory or cancer diseases, we believe that IL-6 is an inflammatory marker of acute ischemic brain injury, but not a chronic inflammatory state. In previous reports from other authors, IL-6 elevation has been often associated with a poor functional result, but it was not clear whether this was an independent effect or confounder of concomitant infection.[@cit0005],[@cit0027] Interestingly, we found a positive correlation between IL-6 and hsCRP levels in AIS patients, whereas, similarly to other authors, we have not confirmed previous reports showing a relationship between hsCRP and the prognosis of thrombolytic therapy. This may be due to some limitations, as patients with mild strokes participated in the study. That is why it seems IL-6 rather than CRP is produced in response to cerebral ischemia and is a strong stimulus for the production of acute phase proteins in the liver.[@cit0028]--[@cit0032] Only patients who had no signs of infection within ±3 days of developing the disease were included in our study. In view of the presence of a positive correlation between these parameters, this fact may indicate that hsCRP is not only an indicator of infection in the subacute phase, but similarly to Molnar et al[@cit0033] it could also be a marker of vascular damage in the course of atherosclerosis. Regardless of that, like other authors, we showed that stroke associated infection (more than three days after the disease) had an impact on the short and long-term prognosis, and this was regardless of the value of hsCRP and IL-6 determined at the time of admission.[@cit0034]

Similarly to other authors, we have showed lower serum IL-6 values in patients with lacunar stroke caused by cerebral microangiopathy than in patients with other AIS etiologies.[@cit0035],[@cit0036] This fact, as well as the presence of correlation between IL-6 levels measured \<4.5 h from symptoms onset and the stroke symptoms' severity (NIHSS score), both on hospital admission and discharge, prove that IL-6 may be considered as a potential marker of the extent of ischemic brain injury and its further clinical consequences.[@cit0037] However, unlike previous publications, we have not demonstrated the relationship between the presence of atherosclerosis changes in the carotid arteries and the level of IL-6.[@cit0038],[@cit0039] This fact may be explained by the limited number of the group (type I error).

It has been noted that IL-6 exacerbates the deterioration of brain damage, counteracts the proliferation of nerve stem cells, but has not always been found despite its high concentration in the early stages of stroke, the effect on long-term and short-term prognosis or the degree of neurological and functional deficit in AIS patients.[@cit0010],[@cit0024],[@cit0040],[@cit0041] Others also report its neuroprotective role.[@cit0042],[@cit0043]

Regardless of the demonstrated impact of pro-inflammatory factors on patient prognosis, we have also shown a significant impact of the severity of the neurological deficit assessed with NIHSS scale for short and long-term prognosis of AIS patients treated IV-thrombolysis. This is consistent with previous literature reports.[@cit0044]--[@cit0047] Moreover, similar to other authors, we found a weak, but potentially negative effect of diabetes on the long-term prognosis of thrombolytic therapy in patients with light and moderate symptoms of the disease. That may indicate a certain caution regarding thrombolytic stroke therapy in patients with diabetes mellitus, regardless current liberalization of the guidelines.[@cit0018],[@cit0048] We have also found a negative effect of hemorrhagic transformation on the long-term prognosis of thrombolytic therapy, as already pointed out by some authors.[@cit0049]

Our report has some limitations. Among the most important is the fact that this is a single-center study research, which has reduced the number of examined subjects. The need to give informed consent for the additional blood sampling for the purposes of cytokines markings resulted in the exclusion of patients with aphasia or with impaired awareness. Consequently, we recruited mainly patients with slight and moderate neurological deficit. Due to both the abovementioned limitations, and results of the contradictory results of other reports, we believe that studies of the effects of IL-6 levels on the prognosis of thrombolytic therapy should be continued on a larger population, as a multicenter study.

Conclusion {#s0005}
==========

In the study, we showed that IL-6 could have potential prognostic significance for the success of thrombolytic therapy, while we did not show such relationship in the case of hsCRP.

IL-6 may have potential practical applications as a prognostic parameter for the patient's acute phase of stroke, but nevertheless further clinical trials are needed in more patients with acute ischemic stroke. Studies should also be carried out in many centers involving the population of patients not only with mild to moderate neurological deficits.

It may also be interesting to consider the use of immunomodulatory therapy aimed at limiting the early inflammatory response in stroke by inhibiting IL-6. The effectiveness of this form of therapy using the IL-6 receptor inhibiting antibody, tocilizumab has already been observed in the treatment of certain diseases.[@cit0050] It may be possible that this may also be an important clue in the design of novel forms of AIS therapy in the brain. An example of this is the report by Smith et al[@cit0051] suggesting that administration of an IL-1 (IL-1R) receptor antagonist that induces IL-6 may lead to an improvement in the clinical outcome of treating the acute phase of ischemic stroke.
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[^1]: **Abbreviations:** mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; IL-6, interleukin-6; IQR, interquartile range (Q~1~-Q~3~).

[^2]: **Abbreviations:** mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; CRP, C-reactive protein; IL-6, interleukin-6.

[^3]: **Abbreviations:** LACI, lacunar cerebral infarction; CRP, C-reactive protein; IL-6, interleukin-6; NIHSS, National Institutes of Health Stroke Scale.
